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SOLUTION: By discharging a transparent conductive ink 4 which is formed by 
dispersing ultramicroparticles formed of a transparent conductive material in a 
solvent, by using a discharge means 1, a transparent conductive circuit is 
pattern formed on a base plate 2. When a transparent conductive circuit is 
pattern formed by a transparent conductive ink including ultramicroparticles 
formed of an oxide type transparent conductive material, a transparent 
conductive circuit of a low resistance is formed by heat processing the 
transparent conductive circuit by heating the base plate 2. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the configuration of the transparence electric conduction circuit 
formation equipment concerning the gestalt of operation of this invention. 

[Drawing 2] Drawing explaining the structure of the ink jet of the above-mentioned transparence electric 
conduction circuit formation equipment. 

[Drawing 3] Drawing showing an example of the head of the above-mentioned ink jet. 

[Drawing 4] Drawing showing an example of the transparence electric conduction circuit pattern formed 

in the above-mentioned ink jet. 

[Drawi ng 5] Drawing showing other examples of the above-mentioned transparence electric conduction 
circuit pattern. 

[Drawing 6] The graph showing the property of the ITO film obtained in each example and the example 
of a comparison. 
[Description of Notations] 

1 Ink Jet 
le Delivery 

2 Substrate 

4 Transparence Electric Conduction Ink 

5 Transparence Electric Conduction Circuit 

d The diameter of an ink delivery of an ink jet 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] Transparence electric-conduction circuit formation equipment characterized by to have the 
transparence electric-conduction ink which makes a solvent come to distribute the ultrafine particle 
formed with the transparent conductive ingredient in the transparence electric conduction circuit 
formation equipment which forms a transparence electric conduction circuit on a substrate, and the ink 
regurgitation means which breathes out said transparence electric-conduction ink and carries out pattern 
formation of said transparence electric-conduction circuit on said substrate. 
[Claim 2] The transparence electric conduction ink which makes a solvent come to distribute the 
ultrafine particle formed with the oxide system transparent conductive ingredient in the transparence 
electric conduction circuit formation equipment which forms a transparence electric conduction circuit 
on a substrate, Transparence electric conduction circuit formation equipment characterized by heating 
said substrate and heat-treating this transparence electric conduction circuit after having breathed out 
said transparence electric conduction ink, having the ink regurgitation means which carries out pattern 
formation of said transparence electric conduction circuit and forming said transparence electric 
conduction circuit by said ink regurgitation means on said substrate. 

[Claim 3] The transparence electric conduction ink which makes a solvent come to distribute the 
ultrafine particle formed with the oxide system transparent conductive ingredient in the transparence 
electric conduction circuit formation equipment which forms a transparence electric conduction circuit 
on a substrate, By carrying out the regurgitation of said transparence electric conduction ink on the this 
heated substrate, while having the ink regurgitation means which breathes out said transparence electric 
conduction ink and carries out pattern formation of said transparence electric conduction circuit on said 
substrate and heating said substrate Transparence electric conduction circuit formation equipment 
characterized by heat-treating this transparence electric conduction circuit while forming said 
transparence electric conduction circuit. 

[Claim 4] Said ultrafine particle is transparence electric conduction circuit formation equipment 
according to claim 1 to 3 characterized by being the particle formed in the particle size of 0. 1 
micrometers or less. 

[Claim 5] The thickness of said transparence electric conduction circuit is transparence electric 
conduction circuit formation equipment according to claim 1 to 3 characterized by the ability to change 
according to the content of the ultrafine particle of the aperture of the delivery of said regurgitation 
means, the count of the regurgitation, and said transparence electric conduction ink. 
[Claim 6] Said heat treatment is transparence electric conduction circuit formation equipment according 
to claim 2 or 3 characterized by carrying out by being below the predetermined temperature at which 
oxidation of said transparence electric conduction circuit is suppressed. 

[Claim 7] It is transparence electric conduction circuit formation equipment according to claim 2 or 3 
characterized by performing said heat treatment at the temperature of 300 degrees C or less. 
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DETAILED DESCRIPTION 

VVVVVVVVVVVVVVVV^VVVVWSMlVVVVVWVVVV^^ 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of a transparence electric 
conduction circuit especially about the transparence electric conduction circuit formation equipment 
which forms a transparence electric conduction circuit on a substrate. 
[0002] 

[Description of the Prior Art] Generally, in the liquid crystal display, the plasma display, the solar 
battery, etc., in order to perform various actuation, it has the transparence electric conduction circuit. 
Here, after forming a transparence electric conduction membrane layer by sputtering or vacuum 
evaporationo, for example, using a sintered compact as the formation approach of such a transparence 
electric conduction circuit, the method of performing patterning on a substrate using photolithography is 
learned. However, since, as for patterning by such photolithography, the process of a large number, such 
as resist spreading, exposure, development, etching, resist exfoliation, and washing, is needed, the 
manufacturing cost of a transparence electric conduction circuit becomes high. 
[0003] On the other hand, as an approach of forming a transparence electric conduction circuit, the 
transparence electric conduction ink which makes a solvent come to distribute the end of superfines is 
applied on a substrate, and is calcinated, and the approach of forming the transparence electric 
conduction film is being developed in recent years. Moreover, the approach of obtaining a transparence 
electric conduction circuit is proposed by JP,5-291726,A etc. by calcinating, after stiffening resist liquid 
and washing this by printing resist liquid and drying on a transparence electric conduction membrane 
layer, after applying. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in the conventional transparence electric 
conduction circuit formation equipment which forms a transparence electric conduction circuit using 
such transparence electric conduction ink, in order to carry out oxidative degradation of the resist resin, 
a baking process 300 degrees C or more is needed. However, since the heat-resistant temperature of a 
color filter is below burning temperature when forming a transparence electric conduction circuit on the 
color filter of the color type used for the display of a liquid crystal display, for example, the problem that 
a filter will decolorize in this baking process arises. 

[0005] Moreover, when ITO (In2 03+Sn02) present most often used as a transparence electrical 
conducting material is used, above 300 degrees C, oxidation of the ITO film is promoted and the 
problem that resistivity rises is produced. Furthermore, in order to have performed postbake upwards 
and to screen-stencil, acrylic resin permeates even an ITO ink layer and the problem of being difficult 
has also performed low resistance-ization. 

[0006] In addition, loaded with and heated the mixture of In and Sn in KUNUDOSONSERU placed into 
the vacuum, carried out adiabatic expansion from the slit of a eel, refined the cluster of In and Sn, this 
was made to blow off from a nozzle with high pressure, and the proposal which forms the transparence 
electric conduction film on the substrate placed into the oxygen ambient atmosphere has accomplished 
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(JP,62-24505,A, 24506). However, by this approach, two rooms, a membrane formation room and a 
cluster purification room, are needed, and since equipment is not only enlarged, but a membrane 
formation rate cannot be enlarged, there is a fault of starting circuit formation for a long time. 
[0007] This invention aims at offering the transparence electric conduction circuit formation equipment 
which does not solve the problem of such a conventional technique, and does not need many processes, 
and can form the transparence electric conduction circuit of low resistance at low temperature 
comparatively. 
[0008] 

[Means for Solving the Problem] This invention is characterized by having the transparence electric 
conduction ink which makes a solvent come to distribute the ultrafine particle formed with the 
transparent conductive ingredient, and the ink regurgitation means which breathes out said transparence 
electric conduction ink and carries out pattern formation of said transparence electric conduction circuit 
on said substrate in the transparence electric conduction circuit formation equipment which forms a 
transparence electric conduction circuit on a substrate. 

[0009] Moreover, this invention is set to the transparence electric conduction circuit formation 
equipment which forms a transparence electric conduction circuit on a substrate. The transparence 
electric conduction ink which makes a solvent come to distribute the ultrafine particle formed with the 
oxide system transparent conductive ingredient, It is characterized by heating said substrate and heat- 
treating this transparence electric conduction circuit, after having breathed out said transparence electric 
conduction ink, having the ink regurgitation means which carries out pattern formation of said 
transparence electric conduction circuit and forming said transparence electric conduction circuit by said 
ink regurgitation means on said substrate. 

[0010] Moreover, this invention is set to the transparence electric conduction circuit formation 
equipment which forms a transparence electric conduction circuit on a substrate. The transparence 
electric conduction ink which makes a solvent come to distribute the ultrafine particle formed with the 
oxide system transparent conductive ingredient, By carrying out the regurgitation of said transparence 
electric conduction ink on the this heated substrate, while having the ink regurgitation means which 
breathes out said transparence electric conduction ink and carries out pattern formation of said 
transparence electric conduction circuit on said substrate and heating said substrate While forming said 
transparence electric conduction circuit, it is characterized by heat-treating this transparence electric 
conduction circuit. 

[001 1] Moreover, this invention is characterized by said ultrafine particle being a particle formed in the 
particle size of 0. 1 micrometers or less. 

[0012] Moreover, this invention is characterized by the ability to change the thickness of said 
transparence electric conduction circuit according to the content of the ultrafine particle of the aperture 
of the delivery of said regurgitation means, the count of the regurgitation, and said transparence electric 
conduction ink. 

[0013] Moreover, this invention is characterized by performing said heat treatment by being below the 
predetermined temperature at which oxidation of said transparence electric conduction circuit is 
suppressed. 

[0014] Moreover, this invention is characterized by performing said heat treatment at the temperature of 
300 degrees C or less. 

[0015] Moreover, pattern formation of the transparence electric conduction circuit is carried out on a 
substrate by constituting so that the regurgitation of the transparence electric conduction ink which 
makes a solvent come to distribute the ultrafine particle formed with the transparent conductive 
ingredient like this invention may be carried out with an ink regurgitation means. 
[0016] Moreover, while carrying out pattern formation of the transparence electric conduction circuit on 
the substrate by carrying out the regurgitation of the transparence electric conduction ink which makes a 
solvent come to distribute the ultrafine particle formed with the oxide system transparent conductive 
ingredient with an ink regurgitation means, after a transparence electric conduction circuit is formed, by 
heating a substrate, a transparence electric conduction circuit is heat-treated and the transparence electric 
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conduction circuit of low resistance is formed. 

[0017] Moreover, while heating a substrate, by carrying out the regurgitation of the transparence electric 
conduction ink which makes a solvent come to distribute the ultrafine particle formed with the oxide 
system transparent conductive ingredient with an ink regurgitation means, a transparence electric 
conduction circuit is heat-treated and the pattern of the transparence electric conduction circuit of low 
resistance is formed on a substrate. 

[0018] Moreover, the thickness of the transparence electric conduction circuit by which pattern 
formation was carried out is changed according to the content of the ultrafine particle of the aperture of 
the delivery of a regurgitation means, the count of the regurgitation, and transparence electric 
conduction ink. Furthermore, it is below predetermined temperature and oxidation of a transparence 
electric conduction circuit is suppressed by heat-treating. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using a 
drawing. 

[0020] Drawing 1 is drawing showing the configuration of the transparence electric conduction circuit 
formation equipment concerning the gestalt of operation of this invention, and the ink jet which is an ink 
regurgitation means by which 1 carries out the regurgitation of the transparence electric conduction ink 
in this drawing, the substrate arranged so that the ink delivery of an ink jet 1 might be faced 2, and 3 are 
X-Y stages which move this substrate 2 in the direction of X-Y. 

[0021] Here, as shown in drawing 2 , an ink jet 1 heats transparence electric conduction ink (henceforth 
ink) 4, generates Bubble B, and it forms a transparence electric conduction circuit on a substrate 2 by 
making a substrate 2 breathe out ink 4 using the pressure of the bubble B. 

[0022] In addition, this ink jet 1 has I d of regurgitation control means which turn on and off the switch 
SW of ink stowage la with which ink 4 is filled up as shown in this drawing, sheet heater lb which 
heats ink 4, power supply section lc which supplies a power source to this sheet heater lb, and this 
power supply section lc, and control the count of the regurgitation (regurgitation frequency). 
[0023] By the way, the thickness of the transparence electric conduction circuit formed by this ink jet 1 
is determined by the content of the size of the diameter d of an ink delivery of an ink jet 1, the 
regurgitation frequency of ink 4, and the ultrafine particle powder of ink 4. For example, when the ink 4 
of hypoviscosity is breathed out once from delivery le of small aperture, it can be made about 0.1- 
micrometer thickness. In addition, when thickening thickness as occasion demands, for example, as Id 
of regurgitation control means increases the count of the regurgitation, it is made to thicken thickness. 
[0024] On the other hand, this transparence electric conduction ink 4 makes a compatibility solvent or 
water distribute the ultrafine particle powder in which particle size was formed with the transparence 
electrical conducting material 0.1 micrometers or less, and viscosity is about 50-100cps. In addition, as 
such ultrafine particle powder, oxides, such as ZnO, CdO, ZnS, CdS, Sn02, In02, Cd2 Sn04, and ITO 
(In2 03-Sn02), are used. Especially, ITO is desirable in respect of light permeability and surface 
electrical resistance. 

[0025] Moreover, the solvent used for transparent conductive ink 4 is selected in consideration of 
compatibility with ultrafine particle powder material. Or it is also possible to distribute water 
compulsorily with a crusher, an ultrasonic distribution machine, etc. of marketing, such as a colloid mill, 
a ball mill, a sand mill, and a homomixer. Furthermore, a substrate 2 can use glass, a ceramic or an 
acrylic, a polyimide film, etc. that what is necessary is just what has the thermal resistance of 300 
degrees C or less. 

[0026] And if a transparence electric conduction ink pattern is made to **** after performing patterning 
to a substrate 2 using an ink jet 1 in this way, a uniform transparence electric conduction circuit will be 
formed and it will come to stick with a substrate 2 by the strength which is extent which does not 
separate simply. 

[0027] By the way, since the structure of a circuit is crystallized while it is made to heat-treat below 300 
degrees O if needed and the residual solvent of a circuit volatilizes more completely by this heat 
treatment when the ultrafine particle powder contained in this transparence electric conduction ink 4 is 
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an oxide system, the transparence electric conduction circuit of low resistance comes to be formed. 
[0028] the temperature of 300 degrees C or less this heat treatment of whose is predetermined 
temperature at which oxidation of a transparence electric conduction circuit is suppressed here — what is 
necessary is just to carry out about 120 minutes from several minutes below 250 degrees C preferably In 
addition, in this equipment, since resist liquid is not used, the transparence electric conduction circuit of 
low resistance can be formed such comparatively at low temperature. 

[0029] And compared with what turns into a thing of uniform transparence and does not have heat 
treatment, it comes to stick still more firmly the transparence electric conduction ink pattern formed of 
such heat treatment with a substrate 2. In addition, when this heat treatment is performed at the 
temperature of 300 degrees C or more, in order that oxidation of ink 4 may be promoted and the 
structure of an ingredient may approach stoichiometry, carrier concentration decreases and resistivity 
comes to rise greatly. For this reason, it is necessary to be made to perform heat treatment below 300 
degrees C. 

[0030] Next, the example in the gestalt of this operation is explained. 

[003 1] As the 1st example, the ink 4 which carried out churning distribution of the 5 % of the weight of 
the ITO ultrafine particle powder formed elements with a particle size of 25nm by the sand mill for 4 
hours at a rate of 60 % of the weight of water, 20 % of the weight of n-methyl pyrrolidones, and 15 % of 
the weight of ethylene glycol was breathed out on the acrylic substrate 2 with a thickness of 1mm by the 
ink jet 1, and the pattern was formed. 

[0032] In addition, aperture [ of delivery le / of 20 micrometers ] and pitch 25micrometer and delivery 
le made it breathe out on the regurgitation frequency of 1000Hz as a head of an ink jet 1, using multi- 
head 1 A located in a line on the 100-point straight line, as shown in drawing 3 . Moreover, the pattern 
configuration printed five Rhine with a line breadth [ of 5mm ], and a line spacing of 5mm in parallel, as 
shown in drawing 4 . This was ****(ed) in atmospheric air for 24 hours, and the pattern of the 
transparence electric conduction circuit 5 was obtained. 

[0033] As the 2nd example, with the same configuration as an example 1, as shown in drawing 5 , 20 
Rhine whose pattern configurations are the line breadth of 50 micrometers and the line spacing of 100 
micrometers was printed in parallel, and the pattern of the transparence electric conduction circuit 5 was 
obtained. 

[0034] The ink 4 which carried out stirring distribution of the 5% of the ITO ultrafine particle powder 
formed element weight with a particle size of 20nm with the ultrasonic distribution vessel by using 
water as a solvent as the 3rd example for 2 hours was breathed out by the ink jet 1 on the alkali-free- 
glass (#7059) substrate 2 by Corning, Inc., and the pattern was formed. In addition, the pattern 
configuration printed five Rhine with a line breadth [ of 5mm ], and a line spacing of 5mm in parallel 
using what has the head [ be / the same as that of an example 1 / it ] of an ink jet 1 (refer to drawing 4 ). 
This was heated at the temperature of 200 degrees C after 30-minute **** hardening by 95 degrees C 
for 1 hour, and the pattern of a transparence electric conduction circuit was obtained. 
[0035] The ink 4 which carried out churning distribution of the 5% of the ITO ultrafine particle powder 
formed element weight with a particle size of 20nm with the ultrasonic distribution vessel by using 
water as a solvent as the 4th example for 2 hours was breathed out by the ink jet 1 on the alkali -free- 
glass (#7059) substrate 2 by Corning, Inc., and the pattern was formed. 

[0036] Here, in this example, the substrate 2 was placed on the hot plate during pattern formation by the 
ink j et 1 , and it heated at 250 degrees C. In addition, using what has the head [ be / the same as that of an 
example 1 / it ] of an ink jet, the pattern configuration printed five Rhine with a line breadth [ of 5mm ], 
and a line spacing of 5mm in parallel (refer to drawing 4 ), and obtained the pattern of a transparence 
electric conduction circuit. 

[0037] As the 5th example, the ink which carried out churning distribution of the 5 % of the weight of 
the ITO ultrafine particle powder formed elements with a particle size of lOOnm by the sand mill for 4 
hours at a rate of 60 % of the weight of water, 20 % of the weight of n-methyl pyrrolidones, and 15 % of 
the weight of ethylene glycol was breathed out by the ink jet 1 on the alkali-free-glass (#7059) substrate 
3 by Corning, Inc., and the pattern was formed. 
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[0038] In addition, the multi-head to which 50 micrometer [ of diameters of a delivery ] and pitch 
50micrometer, the regurgitation frequency of 2000Hz, and the delivery were located in a line on 100 
points and a straight line was used for the head of an ink jet 1. The pattern configuration printed 20 
Rhine with a line breadth [ of 5mm ], and a line spacing of 5mm in parallel. Here, as this example, this 
was heated at the temperature of 200 degrees C after 30-minute desiccation hardening by 95 degrees G 
for 1 hour, and the pattern of a transparence electric conduction circuit was obtained. 
[0039] On the other hand, as 1st example of a comparison, after applying the transparence electric 
conduction ink (DXMade from northeast chemically-modified- 101) which makes an organic solvent 
come to distribute ITO ultrafine particle powder with a particle size of 30nm with the wire bar of 
0.05mm of wire sizes on a glass substrate (1.1mm in the soda lime glass AS by Asahi Glass Co., Ltd., 
thickness), it was made to dry at about 80 degrees C using far infrared rays, and the ITO film was 
formed. 

[0040] Next, the version of 250 meshes was used on it, resist liquid was printed in the magnitude of 
5x50mm angle with screen printing, and desiccation hardening of this was carried out at about 100 
degrees C. The thickness of the resist layer after desiccation was about 6 micrometers. The thing of 33 
% of the weight of acrylic resin was used for resist liquid using the liquid which dissolved acrylic resin 
in the isophorone. 

[0041] Then, pure water washed. ITO of the part by which resist liquid is not printed was simply flushed 
by this washing, and only the part by which resist liquid was printed remained on the glass substrate by 
it. After heating this at 550 degrees C among atmospheric air for 30 minutes and carrying out oxidative 
degradation of the resist resin, it heated for 15 minutes at 550 degrees C under nitrogen-gas-atmosphere 
mind, this was cooled, and the circuit pattern of the transparence electric conduction film was obtained. 
[0042] Drawing 6 is the table showing the property of the ITO film obtained in each example and the 
example of a comparison which were mentioned already. In addition, in measurement of the property of 
ITO, permeability is the value which performed 700nm measurement from the wavelength of 400nm 
with the account recording spectrophotometer of type U-3400 ** by Hitachi, Ltd., and equalized the 
value of the permeability in every nm. Moreover, the value of surface electrical resistance and resistivity 
measured thickness in ALPHA-STEP made from TENCOR again by Law Lester MC rho-T 400 by 
Mitsubishi Petrochemical Co., Ltd. In addition, in the example 2, since line breadth was thin, 
measurement of permeability was impossible. 

[0043] And the transparence electric conduction circuit which was excellent in thickness, surface 
electrical resistance, and resistivity compared with the transparence electric conduction circuit formed 
with the conventional screen printing can be formed by carrying out the regurgitation of the transparence 
electric conduction ink in an ink jet so that clearly also from this table. 
[0044] 

[Effect of the Invention] According to this invention, the transparence electric conduction circuit of low 
resistance can be comparatively created at low temperature as mentioned above by carrying out the 
regurgitation of the transparence electric conduction ink with an ink regurgitation means on a substrate. 
Moreover, compared with a photolithography technique or screen-stencil, a man day can be lessened by 
breathing out transparence electric conduction ink to a substrate direct, and forming a transparence 
electric conduction circuit. 



[Translation done.] 
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